INTRODUCTION
Primary sinonasal mucosal melanomas are rare, accounting for less than 1% of all melanomas 1 . However, head and neck is one of the most common regions for mucosal melanomas, constituting almost 50% of all mucosal melanomas 2 . The sinonasal tract is the most frequent site for this type of malignancy.
Etiopathogenesis is relatively poorly understood, but it is a known fact that their origin lies in the melanocytes present in the mucosa of the nasal cavity and paranasal sinuses 3 .The nasal cavity is the most frequent location (80%), especially the lateral wall of the nasal cavity, according to recent literature, with only 20% involvement of the paranasal sinuses 4 . The most frequent clinical symptoms reported are epistaxis and nasal obstruction, but these are hardly specific features.
Pathological diagnosis is often difficult, mostly because this tumor does not present with intracellular melanin pigment. Adding differential diagnosis to the challenging clinical presentation and pathological examination makes for a difficult overall diagnosis. Immunohistochemical tests are crucial in this situation and various melanocytic markers are available for confirmation: S100, HMB45 (Human Black Melanoma 45), Melan A, Sox 10, etc. 5 . Surgery represents the first option for treatment, but it has its limitations regarding the complete tumor excision or the accessibility to the tumor site. Postoperative radiotherapy is a frequent recommendation for these patients 6 . In order to improve survival in advanced mucosal melanoma, the course of action includes adjuvant chemotherapy and palliation 6 . New immunologic and targeted therapies are always developing, but in the case of mucosal melanoma, especially the head and neck region, BRAF mutation, which is common in cutaneous melanoma, is very rare for this site 7 . Recent studies have found NRAS and c-Kit mutations in mucosal melanoma and new therapeutic agents targeted for these mutations have been researched in various clinical trials. One study has shown that association of targeted therapies and immunotherapy with checkpoint inhibitors appears to show the highest response rates and longest progression-free survival in advanced cases 8 . Despite a better knowledge of this tumor, the 5-year overall survival remains poor, does not exceed 40% in any of the published studies and usually it is diagnosed in an advanced stage of disseminated disease 9 .
CASE REPORT
We report a case of a 61-year-old female patient, with a history of right eye enucleation and prosthesis, who presented with obstruction of the left nostril, anterior and posterior mucopurulent rhinorrhea, anosmia, left facial numbness, left exophthalmia accompanied by ipsilateral epiphora and decreased visual acuity ( Figure 1A) . Clinical symptoms appeared 6 months before presentation, having a progressive evolution.
The clinical ENT examination revealed a fungating, purple-grey mass completely occupied the left nostril ( Figure 1B ) and extended to the nasopharynx. In addition, the patient also presented with left exophthalmia, prominence and congestion of the caruncula lacrimalis and left inferior palpebral ecchymosis. On palpation, there was no bone in the projection area of the left ethmoidal sinus. Standard ophthalmic examination showed asymmetrical grade III left exophthalmia. The ocular globe showed inferior-medial deviation and movement abolition, a very slow photomotor reflex, optic atrophy secondary to the external compression and no papilledema.
Contrast-enhanced cranio-facial CT and brain MRI examinations described the presence of a tumor with malignant features (dimensions 6.1/4.8/3.7 cm) located in the left maxillary sinus with extension to the left orbit (producing osteolysis of the inferior and medial orbital walls), nasopharynx, ethmoidal cells and left frontal sinus ( Figure 2 ). No brain metastases were identified on cranio-facial CT scan.
A chest and abdomen contrast-enhanced CT scan was performed revealing multiple lungs, liver, chest and abdominal soft tissue lesions (distant metastases).
Having a complete clinical and imagistic examination, the medical decision made in our clinic was to take a biopsy from the intranasal mass for frozen section. Using the external approach type Moore, the tumor comprising the left nasal fossa, the left lateral nasal wall, the left maxillary sinus, infiltrating the anterior, posterior and superior walls of the maxillary sinus, left Tenon capsule, frontal and ethmoidal si- 
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nuses and the roof of the left nostril was removed in a piece-meal manner. After surgery, there was a significant improvement of the ocular protrusion.
Frozen section was performed. Gross examination showed multiple tissue fragments with dimensions between 0.5/0.5/0.5 and 1.5/0.6/0.5 cm, brown-yellowish in colour and elastic in consistency. Microscopic examination of the frozen section revealed a tumor proliferation with a nested architectural pattern. The malignant cells were round, epithelioid-like and focally, spindle; the cytoplasm was prominent, eosinophilic; the nuclei were large, pleomorphic, hyperchromatic with irregular nuclear membranes. Large areas of tumor necrosis were identified. In consequence, the frozen section exam raised the suspicion of an undifferentiated epithelioid malignant tumor. Extensive grossing was done. Specimen samples were fixed with 10% buffered formalin. Then, they were processed by conventional histopathological methods using paraffin embedding, sectioning and Hematoxylin-Eosin (HE) staining. Microscopic examination showed a tumor proliferation with a nested and insular growth pattern ( Figure 3A) composed of large malignant cells with marked cytological and nuclear pleomorphism with frequent giant, monstrous cells.
The cytoplasm was abundant, eosinophilic and focally with intracytoplasmic deposition of brown, melanin pigments ( Figure 3B ). The nuclei were pleomorphic, hyperchromatic with high mitotic activity. Extensive vascular, lymphatic ( Figure 3C ) and neural invasions were observed. Tumor necrosis was identified in a large percentage. Adjacent respiratory mucosa revealed extensive infiltration of surface epithelium and of underlining cartilage and bone tissue.
Immunohistochemical tests were also performed. The paraffin blocks were sliced at a microtome resulting in sections of 3-μm thickness that were mounted on slides covered with poly-Lysine. The sections were 
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deparaffinized in toluene and alcohol successive baths for one hour (15 minutes by bath), rehydrated (three successive alcohol baths with decreased concentration: 96%, 80% and 70% (10 minutes in each bath) and followed by a distilled water bath, in which the sections were held for 10 minutes).Washing in PBS (phosphate-buffered saline), incubation with normal serum for 20 minutes, incubation with primary antibody over-night, Dako LSAB (Labeled StreptAvidin Biotin) kit, washing in carbonate buffer and development in 3,3'-diaminobenzidine hydrochloride/ hydrogen peroxide and nuclear counterstain with Mayer's Hematoxylin were performed. We performed the following immunohistochemical markers: S100 ( Figure 4A ), HMB45 ( Figure 3B ) and Melan A ( Figure 3C ) which were intensely positive in cytoplasm; SOX10 ( Figure 3D ) was intensely positive in nuclei; Ki67 was positive in 80% of the tumor nuclei; AE1/AE3 was negative ( Figure 3E ). In addition, as a prognostic factor useful for possible treatment options, we performed the C-kit (CD117) marker, which was negative.
The case particularity consists in the fact that the nasal cavity and the paranasal sinuses are an uncommon location for primary mucosal melanoma, assuming that metastases from other primary sites have been excluded clinically. Furthermore, considering the fact that this tumor usually presents in advanced stages, the need for an experienced surgeon is necessary for correct clinical diagnosis and treatment. After surgery, the patient was referred to the oncology service in order to start palliative treatment. Unfortunately, she died two months later.
DISCUSSIONS
Head and neck mucosal melanomas are very rare and aggressive neoplasms. Primary sinonasal mucosal melanoma accounts for 0.5-2% of all malignant melanomas and 4% of all head and neck melanomas 10 . The first case of mucosal melanoma in English literature was published by Lincoln et al. in 1885 11 . The mean age at diagnosis is between 65 and 70 years 12 . Our case, on the other hand, is younger. Both sexes are affected equally, without favouring a race in particular, although some studies have shown a higher percentage in the Japanese population 1 . Because of its hidden location and rich blood supply, this type of melanoma usually presents at a more A C B advanced stage and, therefore, it is associated with a higher mortality rate than its cutaneous forms 13 . Established risk factors for cutaneous melanoma such as sun damage, atypical nevi or family history, do not apply for this particular site. Although the air-irritant compounds, such as tobacco smoke or formaldehyde, have been implicated in the development of head and neck mucosal melanoma, their etiopathogenic role is not yet demonstrated. However, one study revealed that the hyperproduction of melanocytes in oral mucosa was connected to smoking and resulted in a greater prevalence of oral lesions 14 . Our patient was a non-smoker and did not report any kind of exposure to a toxic environment.
Mucosal melanoma originates from benign intramucosal melanocytes that can be located in the mucosa of the upper digestive tract (paranasal sinuses, oral cavity, pharynx and larynx). The nasal cavity is the predominant location, approximately 80% of the melanomas arising from the sinonasal tract and 20% developing in the paranasal sinuses 4 . The most frequent sites of origin are represented by the nasal septum and the lateral wall of the nasal cavity, while the maxillary and the ethmoid sinuses are the most common in what the paranasal sinuses are concerned 15 . The exact origin of sinonasal lesions is often difficult to pinpoint mainly because this tumor can spread into multiple subsites and it is frequently locally advanced at presentation 4 . The most common presenting complaints are nasal obstruction and epistaxis. Other symptoms are represented by diplopia and proptosis 4 . Nasal obstruction is usually unilateral, permanent and progressive, frequently associated with other symptoms, while epistaxis can be abundant or minimal 12 . In most cases, patients do not have early symptoms. There are different studies that have noted a lag time from the symptoms appearance to evaluation by a health care professional from several weeks to 2 years 4 . Our case fits the description, as this tumor was already very advanced when the patient presented with left exophthalmia, left nasal obstruction, epiphora and left facial paraesthesia that have been progressing for 2 months. Clinical examination by fiberscopic or endoscopic investigation is useful, but they cannot appreciate the extent of the disease or guide towards a diagnosis. In some cases, multiple lesions (for instance, satellite lesions) can be frequently observed, even centimetres away from the main tumor, with spreading occurring along the mucosal/submucosal planes 16 . Macroscopically, the tumor was reddish-crimson, covered by greyish exudates and very friable, which consists in the fact that one third of mucosal melanomas are achromic 17 . Imagistic tests for sinonasal melanoma are of the utmost importance as they represent a key feature in tumor staging. The CT appearance of this type of tumor is nonspecific and consists of a mass lesion with contrast enhancement and tumor infiltration of the adjacent bone 18 . The MRI examination depends on several histological features of the tumor (melanotic versus amelanotic) and presence of haemorrhage within the lesion 19 . Mucosal melanomas with a heavy quantity of intracytoplasmic pigment typically exhibit T1 hyperintensity and an intermediate-hypointense pattern on T2-weighted MRI, while amelanotic mucosal melanomas are hypointense on T1-and hyperintense on T2-weighted sequences. On gadolinium-enhanced MRI, these lesions appear as mild to moderate enhancement 19 . The differential diagnosis of T1 hyperintense lesions includes haemorrhage in primary nasal lesions such as haemangioma and juvenile angiofibroma, proteinaceous secretions in mucoceles, fatcontaining lesions and haemorrhagic metastases. In addition, MRI is very helpful in determining the anatomical relationship between the tumor and the orbit and skull base in revealing any brain metastasis. Chest, abdominal and pelvis CT are very valuable in determining distant metastasis. Our case followed the radiological protocol. CT and MRI examination raised the suspicion that the lesion was malignant. Furthermore, chest and abdominal CT scans showed multiple metastasis in lungs, liver and soft tissue.
The diagnosis is based on histological examination, which usually shows a malignant proliferation with a nesting growth pattern and marked cytological pleomorphism 17 . The presence of intracytoplasmic melanin pigment can be detected by the affinity for Fontana stain, but, if it is present, it is usually visible on hematoxylin-eosin. Several parameters are evaluated on histological examination: morphology and cellular architecture, pigmentation, presence of ulceration, percentage of necrosis, number of mitoses, inflammation, perineural, lymphatic and vascular invasion. Confirmation of the diagnosis is based on immunohistochemistry using a panel of markers 12 . S100 is an acidic protein, 100% soluble in ammonium sulphate at neutral pH, a common marker used in pathology. Its purpose is mainly represented by cytoplasmic and nuclear positivity in melanoma and neural tissue, but it has a wide area of tumors where it can be used. In consequence, although S100 protein may be a sensitive marker, it is a nonspecific one 20 . Regarding primary mucosal melanomas, one study showed 88% positivity for this marker, placing S100 in an immunohistochemical panel of high positivity rate 21 . The Melan-A gene, also known as MART-1 (Melanoma Antigen Recognised by T-cells), was cloned from a melanoma cell line. This marker is thought to be associated with melanosomes and endoplasmic reticulum, but this fact has not yet been established. Malignant melanoma of various locations and melanocytes present in the skin and ocular globe generally express this marker 22 . Some studies have shown 85% positivity for this marker in sinonasal mucosal melanomas and 100% positivity in oral mucosal melanomas 23 . In addition, it was shown to be very specific in distinguishing metastatic melanoma from other lesions such as sarcomas of varying histogenesis, poorly differentiated carcinomas, high-grade lymphomas, Leydig tumors or myelomas 20 . HMB45 (Human Black Melanoma 45) is a monoclonal antibody originally identified from melanoma extract. It has the property of recognizing melanosomal glycoprotein gp100 (Pmel17). This antigen reacts with melanoma and junctional nevus cells. Staining appears to be more appropriate to lesions with pigment content compared to those with less pigmentation 24 . The sensitivity of HMB45 was shown to be 66-97%, the percept decreasing in metastatic lesions as compared to primary lesions 25 . Prasad et al. has shown 91% positivity for this marker in sinonasal melanomas and 71% positivity in oral mucosal melanomas 23 . Recent studies have shown that Sox10 is a sensitive melanocytic marker for cutaneous melanoma 26 . During the embryonic development, Sox10, as a transcription factor of the Sox group E, directs melanocytes derived from neural crest in their migration to skin and mucosal epithelia 27 . Expression of Sox10 is continuous throughout the differentiation pathway toward mature melanocytes 28 . This marker is essential for the specification and differentiation of melanocytic lineage, characteristic which makes it a useful melanocytic marker. Although Sox10 can be highlighted in epidermal melanocytes and cutaneous melanomas and it is used frequently, there is little research on Sox10 expression in sinonasal melanomas. One study reported a Sox10 expression in all 28 cases of sinonasal melanomas with diffuse and strong nuclear staining 29 . Several authors reported that Sox10 had a higher sensitivity and specificity for cutaneous malignant melanoma as well as for metastatic melanoma in sentinel lymph nodes than other immunohistochemical markers such as S100 protein, HMB-45 or Melan-A 30 . C-kit protein is a transmembranous receptor tyrosine kinase. Therapy based on KIT gene targeting, specifically treatment with inhibitors such as imatinib, is based on the expression of c-kit protein. In most subtypes of melanoma, c-kit expression can be detected in immunohistochemistry, including superficial spreading cutaneous melanomas (53.7%), primary anorectal melanomas (75%), more than 80% metastatic melanomas and acral lentiginous/mucosal melanomas (84%) 31 . Hong et al. found in their study a 85.7% positivity for c-kit in 28 cases of sinonasal melanomas 29 . Other studies showed 91% positivity in primary mu-cosal melanomas, similar to other locations, such as anal/rectal or oral cavity. In contrast, other research showed only 4% positivity for c-kit in sinonasal melanomas by gene detection, suggesting that c-kit expression is highly variable between different sites for mucosal melanomas 32 . In our case, c-kit was negative, meaning that our patient would not have been eligible for treatment with c-kit inhibitors.
In addition to c-kit, BRAF and NRAS mutations stand out in melanoma pathogenesis and represent targets for emerging molecules in new therapies. Both mutations take part in the mitogen-activated proteinkinase (MAPK) pathway, which is involved in melanoma development 33 . Although both mutations occur in a high percentage in cutaneous melanoma, mucosal melanomas have very low frequencies in BRAF mutation (4%) and higher in NRAS mutation (11%) 15 . Other studies confirmed the same finding which suggested that targeted treatments with selective BRAF inhibitors (vemurafenib and dabrafenib that were shown to improve overall and progression-free survival in cutaneous melanomas) are not of use in mucosal melanomas, especially in the head and neck site [34] [35] [36] . The new staging system according to the 8 th Edition of the American Joint Committee on Cancer (AJCC) 37 established a novel approach on T, N and M categories. Thus, only the T3, T4a and T4b categories are maintained, similar to the 7 th edition of AJCC, omitting T1 and T2 categories because of the very poor prognosis for small, superficial lesions (Table 1) . Regarding the N category, the cervical lymph nodes are the primary lymphatic drainage, but due to the rarity of this disease, nodal metastasis are currently classified in present (N1) or absent (N0). The role of extranodal extension (ENE) is not yet established 37 . Distant metastases (M1) are usually common at clinical presentation and are usually located in lung and liver (Table 2) .
Definitive diagnosis is based on immunohistochemistry. Great care should be taken with diagnosis if immunohistochemistry is not performed 38 . In the present case, the challenge was represented by the frozen section because the cells did not show intracytoplasmic pigment. On hematoxylin-eosin, after extensive grossing, we could identify intracytoplasmatic melanin accumulation. We performed the immunohistochemical marker AE1/AE3 to exclude a poorly differentiated carcinoma. Due to the difficulty in diagnosing a malignant sinonasal melanoma, differential diagnosis must be made with sinonasal undifferentiated carcinoma, lymphoma, rhabdomyosarcoma, angiosarcoma, neuroendocrine carcinoma, neuroblastoma, and plasmacytoma 39 . Unfortunately, metastasis from a primary tumor located elsewhere (skin, ocular globe, other mucosal locations) cannot be distinguished from a primary sinonasal mucosal melanoma using immunohistochemistry. In this case, the patient should be thoroughly investigated and the primary lesions should be excluded. In our patient situation, the dermatologist excluded a skin primary, so our final diagnosis was primary sinonasal mucosal melanoma.
There are no randomized trials studying mucosal melanoma treatment modalities such as surgery, radio- . Surgery associated with or without radiation therapy is the primary treatment for stage III mucosal melanoma, while surgery followed by radiation therapy or systemic therapy is the primary treatment for stage IV mucosal melanoma 40 . Surgical treatment is usually the first option but, unfortunately, complete excision is rarely possible with free margins as the sinonasal tract is in close proximity of critical anatomical structures 31 . The indication for surgery must also take into account a high local recurrence rate.
Radiation therapy is often recommended in the postoperative management of mucosal melanomas. Primary size or thickness is not used as a risk factor when considering the primary site of the lesion. All invasive primaries are considered at high risk for local recurrence. For sinonasal primary sites, target volumes may include the primary site without elective treatment of the neck. Because oral cavity primary sites are believed to be at a higher risk for neck metastatic lymph nodes, elective management with neck dissection and radiotherapy may be taken into consideration as treatment modality.
Intensity modulated RT may be very helpful not only for the dose distribution at the primary site, but also for spar ing critical organs, especially in paranasal sinus sites 41 . Good outcomes have been reported with the use of hypofractionation in cutaneous melanomas. Thus, there is no clear ad vantage in cancer control. If used, hypofractionation must be carefully planned and delivered due to the proximity of neural structures and risk of late effects 40 . Chemotherapy and immunotherapy are usually used with an adjuvant or palliative intention. The most frequently used chemotherapy agents are dacarbazine, the platinum analogues, the nitrosoureas and the microtubulartoxins. Immunotherapy has proved its efficacy in a small percentage of patients with malignant melanoma. An increased response rate has been observed when associating interleukin 2 and interferonalpha with cisplatin.
Survival rates for mucosal melanoma of head and neck according to the national cancer database have been registered as 54% in 2 years and 32% in 5 years 42 . Recent series suggest that, specifically for mucosal melanoma of nasal cavity and paranasal sinuses, the mean survival does not exceed 40% in 28 months 12 . Depending on location, disease-specific survival at 5 years was 36.66% for those patients with nasal cavity disease, 23.80% for patients with maxillary sinus disease and 18.20% for patients with ethmoid sinus disease 43 . One large meta-analysis of patients with primary sinonasal melanoma has shown that there is no survival advantage for combined radiotherapy and surgery or chemoradiotherapy plus surgery versus surgery alone 44 . The average overall survival in this study was 27.41 months for all therapies, confirming the dismal prognosis of this rare malignancy.
Local recurrences appear in almost 50% of cases. This fact is explained mostly by the multifocal nature of these lesions and lymphatic and vascular invasion. The most common metastatic sites are lungs, liver, bone and rarely brain and adrenal glands 12 . Metastases are found in about 50% of cases, sometimes during the course of the disease, while lymph nodes are found in 20-40% of cases 45 . Our present case unfortunately already presented with advanced disease and metastases in lung, liver and soft tissue. Although the initial medical decision was chemotherapy, the patient received only palliation. Overall survival from diagnosis to exitus was 4 months, with no oncological treatment.
CONCLUSIONS
Primary mucosal melanoma of the sinonasal region is a rare occurrence with different clinical and histopathological presentations, invasive tumor behaviour, frequent local recurrence, poor prognosis and various treatment modalities. Pathological and immunohistochemical analysis contributes to an accurate and precise diagnosis and if this lesion is detected early in its stages, it can provide a proper panel of prognostic and prediction factors, useful for a targeted treatment. Frequent controversies focus on the surgical management that is difficult to instate in order to obtain free resection margins or total excision of the tumor. Radiotherapy and chemotherapy focus on cases with advanced diseases, but considering the rapidly evolving therapies which target specific molecules, this kind of treatment may represent a viable solution for a disease with a dismal prognosis.
